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The treatments of nervous system diseases (NSDs) have long been difficult issues for researchers because
of their complexity of pathogenesis. With the advent of aging society, searching for effective treatments
of NSDs has become a hot topic. Ginseng polysaccharides (GP), as the main biologically active substance
in ginseng, has various biological properties in immune-regulation, anti-oxidant, anti-inflammation and
etc. Considering the association between the effects of GP and the pathogenesis of neurological disorders,
many related experiments have been conducted in recent years. In this paper, we reviewed previous
studies about the effects and mechanisms of GP on diseases related to nervous system. We found GP play
an ameliorative role on NSDs through the regulation of immune system, inflammatory response,
oxidative damage and signaling pathway. Structure-activity relationship was also discussed and sum-
marized. In addition, we provided new insights into GP as promising neuroprotective agent for its further
development and utilization.

© 2020 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The data reported by the World Health Organization have
shown that nervous system diseases (NSDs) have become another
major threat to human life after heart disease and cancer [1]. As the
“command center” of human body, the brain consumes 20% of the
total glucose but only accounts for 2% of the body volume [2].
Structural complexity underlies its functional diversity, yet also
makes it more susceptible to diseases. Common neurological dis-
orders include Alzheimer's disease, depression, epilepsy and Par-
kinson's disease. As we all know, NSDs are related not only to
nervous system, but also to immune system disorders and
inflammation. For example, microglial cells, as the macrophages in
the brain and spinal cord, are the first line in defense of nervous
system against pathogens. They fulfill important functions in im-
mune surveillance, resolution of latent inflammatory reactions and
clearance of tissue debris [3,4]. Moreover, this relationship also
provides us with a new idea for treatment; that is, we can make the

nervous system return to homeostasis by moderately regulating
autoimmunity.

To our knowledge, incidences of NSDs increase as people get
older. With the advent of aging society, the threat of NSDs to human
health is bound to be more serious. In addition to bringing great
pain to the patient, they also bring a huge disaster to the social
medicine. Hence, there is an urgent need to find drugs that can
alleviate or treat such diseases. Through unremitting effort, more
and more neural drugs are available and have been put into clinical
application in recent years. Yet facts have shown that chemical
drugs are often accompanied by a series of side effects while
exerting the expected therapeutic effect. Compared to chemical
drugs, natural ingredients extracted from plants usually have
higher safety. This benefit made researchers turn their research
direction to natural components.

Panax ginseng Meyer (Fig. 1) usually grows in cooler areas like
Northeast China, Korea, and Russia. Depending on origins of the
plant and processing methods, it can be further divided into
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Fig. 1. Plant picture of ginseng.

Chinese ginseng, White ginseng, Korean red ginseng, American
ginseng and etc. As a precious traditional Chinese medicine,
ginseng has been used as a remedy in clinic for thousands of years.
The Greek term “Panax”, which means “cure of all diseases”,
implied its important position in the medical field. As recorded in
the traditional Chinese work, Jingyue Quanshu (Jing-yue's Com-
plete Works), ginseng has been used in the classic prescription Qifu
Yin to treat neurasthenia, senile dementia, brain atrophy and other
NSDs. There are also many modern studies showing the neuro-
protective effects of ginseng extract [5]. Jia et al found Panax
notoginseng polysaccharides exert its neurprotective function
against focal cerebral I/R injury through increasing Bal-2/Bax ratio
and evoking caspase-3 cascade [6]. Its various therapeutic effects
are due to the specific components contained in it. Ginseng has
been found to contain a variety of active ingredients, such as sa-
ponins, polysaccharides, flavonoids, volatile oil and gintonin [7].
Among them, ginseng polysaccharides (GP), accounting for about
10% of the dry weight of ginseng, is the most abundant active
substance in ginseng along with immunoregulatory, anti-oxidant,
anti-cancer and anti-inflammatory effects [8—10]. Recently, it is
reported that GP can also regulate intestinal metabolism and
restore the homeostasis of gut microbiota [11,12]. Considering the
existence of "gut-brain axis" and the bidirectional relationship
between gastrointestinal and central nervous system [13], this
discovery may provide new insights into the mechanism of GP's
effects on NSDs. According to whether it contains uronic acid, GP
can be divided into neutral and acidic polysaccharides. Their dif-
ferences in monosaccharide composition and glycoside bond link-
age, even the way chains curled, are considered to be the root
causes of different therapeutic effects. Ginseng neutral poly-
saccharides, accounting for over 75% of the total polysaccharides
content [14], is mainly composed of Glc (starch-like poly-
saccharides), Gal and Ara [15,16], and can be used to treat a range of
neurological disorders associated with inflammation [17]. More-
over, the acidic portion contains arabinogalactan (AG), type-I
rhamnogalacturonan (RG-I)- and homogalacturonan (HG)-rich
pectins [18], and can down-regulate immunostimulating by

increasing the number of CD25" immunoregulatory T cells, thus
has therapeutic effect on autoimmune diseases. In general, an
increasing body of evidence suggested that GP, both neutral and
acid polysaccharides, are becoming potential agent to treat NSDs.

In this paper, we reviewed previous studies about the thera-
peutic effects and mechanisms of GP on diseases related to nervous
system, in order to provide a basis for further research on the
relationship between them.

2. Compositions and structural characterization

Due to the complexity of traditional Chinese medicine compo-
sitions, finding out the active components and clarifying their
structure seem to be big challenges. Prior to 1990s, the poly-
saccharides compositions of ginseng were largely unknown. Since
Tomoda et al [19] purified two acidic polysaccharides from ginseng
in 1993, more and more research teams have devoted themselves to
the purification of GP, as well as the study of structural character-
izations. Generally, GP is obtained by solvent extraction and
commonly used extraction solvents include hot water, alkali solu-
tion [20] and ethylenediamine tetraacetic acid [21]. Among them,
hot water extraction is widely used because of its high poly-
saccharides yield (10.7%). Zhang et al [19] adopted a combination
method of ethanol precipitation, ion-exchange and gel permeation
chromatography to fraction ginseng polysaccharides into two
groups, namely neutral (WGPN and WGPA-N) and acidic poly-
saccharides (WGPA-1-RG, WGPA-2-RG, WGPA-1-HG, WGPA-2-HG,
WGPA-3-HG and WGPA-4-HG).

WGPN and WGPA-N were composed of Glc, Gal and Ara. The
proportion of monosaccharide in turn were 96.3%, 3.3%, 1.3% in
WGPN and 66.3%, 18.0%, 15.7% in WGPA-N. We knew both of them
basically consisted of starch-like glucans by testing with iodine. In
addition, WGPA-N also contained about 30% free AG.

Gal and Ara were the main monosaccharide in WGPA-1-RG and
WGPA-2-RG, with the ratios of 1.7:1.0 and 1.1:1.0 respectively. The
total amount of Gal and Ara accounted for 90.2% in WGPA-1-RG and
84.9% in WGPA-2-RG. Besides this, both of them contained Glc, Rha,
Man, GalA and GlcA. Based on NMR analysis, researchers concluded
that WGPA-1-RG and WGPA-2-RG consisted of major neutral sugars
and minor acidic sugars that belong to the RG-I pectins. Further
analysis demonstrated that WGPA-2-RG contained a small back-
bone of alternating Rha and GalA, attached long AG-II side chains
via the C-4 of the Rha residues [22]. About 42.9% of the Ara residues
are at the non-reducing end, while the other Ara residues are 1,5-
and 1,3,5-linked forms. The AG-II chains are composed of 1,3-linked
Gal with substituents of Ara and/or Gal at the O-6 positions.

The remaining four acidic polysaccharides (WGPA-1-HG, WGPA-
2-HG, WGPA-3-HG and WGPA-4-HG) were mainly composed of
GalA. Their order of GalA content was WGPA-1-HG
(62.4%) < WGPA-2-HG (83.6%) < WGPA-3-HG (90.9%) < WGPA-4-
HG (92.1%). Structure analysis demonstrated that they were HG-
rich pectins with different degrees of methyl-esterification,
ranging from 0% to 30%. In addition, researchers also tested the
molecular weights of six acid polysaccharides which are approxi-
mately between 3.5 x 10° and 1.1 x 10 The detailed data for
structural characterization of ginseng were summarized as follows
(Figs. 2 and 3).

In vivo splenic lymphocyte proliferation assay, WGPN and WGPA
induced T and B cell proliferation in a dose-dependent manner.
Moreover, RG-I-rich pectins have more potent activities than the
HG-rich pectins. The AG side chains are essential structures for
stimulating NO secretion and lymphocyte proliferation. Zheng
et al found GP extracted by EDTA solution contained the most
abundant content of RG-I-type pectin and showed better lympho-
cyte proliferation property. On this basis, we can conclude that GP
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Fig. 2. The preparation process and composition analysis of GP.

do have a regulating effect on the immune system. Although the
structure-activity relationship of polysaccharides is unclear, these
results have provided a basic support for our following discussion.

3. Bioactivities

With the deepening study of GP's structure, researchers also
gained a more comprehensive understanding of its bioactivities
over the past few decades. On this basis, we will make a brief
introduction.

Byeon et al [23] discovered the mechanism of immune stimu-
lation by an acidic polysaccharide extracted from Korea red
ginseng. GP activate macrophage through transcription factors
(NF-kB and AP-1) and their upstream signaling enzymes (ERK and
JNK). Activation of MAPK ERK1/2 has been shown to play an
important role in Th1/Th2 polarization [24]. ERK has been nor-
mally associated with proliferation and growth factors. JNK and
p38 are induced by stress responses and cytokines, mediating
differentiation and cell death. Several studies have described the
involvement of JNK and p38 MAP kinase in inflammation [25].
Transcription factor NK-kB plays a crucial role in acute and chronic
inflammation because it binds to the consensus DNA sequences of
pro-inflammatory and antiinflammatory genes [26]. Beyond these,
GP can reduce immune damage through increasing production of
CD25* Tregs. On this view, we know GP plays a bidirectional role in
immune system through immunostimulation and immunosup-
pression. Furthermore, it is reported that neutral ginseng poly-
saccharides can reduce inflammation by inhibiting inflammatory-
related mediator (NO) and cytokines (TNF-a, IL-6, and IL-18)
release [18]. Oxidative stress and dopamine signaling are also

MM"‘"“

involved in the mechanisms mediated of GP [27]. Noticeably, GP
can not only exert directly pharmacological effect on human body,
but also exert indirect effect, that is, promoting the absorption of
saponins. In intestinal microenvironment, GP played prebiotic-like
effect by simultaneously stimulating the growth of two most
important probiotics: Lactobacillus spp. and Bacteroides spp [11].
This indicates that GP has great potential in maintaining homeo-
stasis of gut microbiota. However, we believe that GP also have
many other unknown activities to be discovered. All of these bio-
activities provide the foundation for its eventual use in the treat-
ment of NSDs.

4. Effects of ginseng polysaccharides in nervous system
diseases

GP has great effects on NSDs due to its unique structure. It works
not only by directly exerting effect on the nervous system, but also
indirectly on other systems to exert neuroprotective effect. The
information currently available for pharmacological activity of GP
in NSDs summarized in detail below (Fig. 4).

4.1. Antidepressant-like effect

Depression is one of the most common psychiatric disorder
[28], leading to increased risk of obesity, diabetes, and mortality
[29—31]. With increasing pressure of modern society, number of
patients with depression is bound to increase progressively. The
World Health Organization has projects that, depression will
become the second leading cause of disability worldwide by 2020
[32,33]. It is generally believed that depression is directly related
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to cellular resilience and impairments of structural plasticity [34].
Effective antidepressant drugs mainly regulate the cell signal
transduction pathway to achieve therapeutic goal [35]. Noticeably,
preclinical studies have shown that pro-inflammatory factors can
even induce major depression in people without a history of
mental disorders. This suggests that inflammatory response also
plays a significant role in the pathogenesis of depression. In pre-
vious studies, ginseng extract has been demonstrated that it can
relieve depression in post-menopausal women [36], but not in
elderly depressed patients. The reason for this phenomenon may
be the different ginseng active ingredients applied in different
experiments.

Wang et al [37] have examined the antidepressant-like ef-
fect of WGPA. Behavioral tests included: spontaneous activity;
elevated plus-maze; social interaction and forced swim test.
Structural analysis demonstrated that WGPA contained RG-I-
rich pectins and HG-rich pectins, as well as a number of AG
[19]. WGPA increased the expression of B-Catenin and brain-
derived neurotrophic factor (BDNF) in the hippocampus of
mice, which enables us to understand the structural and
functional plasticity of the brain [38]. Both B-Catenin and BDNF
have been proven to be the definitive mechanism of antide-
pressants (lithium and valproate) to nourish nerves and treat
depression [39]. B-Catenin is affected by GSK-3B signaling
pathway, which is closely associated with depression by
affecting synaptic plasticity and neurogenesis [40]. BDNF is an
important regulatory protein in ERK signaling pathway. It is
generally accepted that GSK-3f and ERK signaling pathways are
two major signaling pathways that affect depression. Therefore,
WGPA reduced immobility time of mice in the forced swim
test, which served as a widely accepted test for antidepressant-
like effect [41]. The appreciable result was also verified in the
social interaction test. Compared with the control group, the
number of interaction events increased while the attack rate
decreased in the WGPA-treated group [42]. Therefore, re-
searchers concluded that WGPA may increase the plasticity of
neurons and cell resilience by regulating ERK and GSK-3f
signaling pathways, thus reversing the death of nerve cells, and
ultimately achieving the purpose of anti-depression [34].

4.2. Protective effects against multiple sclerosis

Multiple sclerosis (MS) is an inflammatory autoimmune disease
characterized by neuronal demyelination and axonal injury in the
central nervous system [43]. Generally, in terms of clinical course it
can be categorized into four types: relapsing remitting multiple
sclerosis, secondary progressive multiple sclerosis, primary pro-
gressive multiple sclerosis, and progressive relapsing multiple
sclerosis [44,45]. Globally, about 2.5 million people suffer from this
disease. Among them approximately 87% can be diagnosed as re-
lapsing remitting multiple sclerosis [46]. It cause a series of
symptoms, such as blurred vision, muscle stiffness and cognitive
deficits [47,48], and even lead to paralysis [47]. The onset of MS
begins with infiltration of macrophages, and activated microglials
[49] play an important role in the progression [50]. Considering the
involvement of immune and inflammatory responses in its pa-
thology and the effect of GP on the immune system, researchers
began to study the effect of GP on MS.

Experimental allergy encephalomyelitis, whose immune path-
ogenesis and lesions is similar to MS, is usually used as the
appropriate animal model [51]. Bing et al [52] found WGPA induced
the production of CD4*CD25™ regulatory T cells in both spleen and
central nervous system through activation of transcription factor
Foxp3. Various components produced under pathological condi-
tions, such as vasoactive intestinal peptide, a-galactosylceramide
and rapamycin, can be inhibited by CD4"CD25" regulatory T cells to
achieve therapeutic effect. It also induced suppression of autoim-
munity mediation and down-regulated pro-inflammatory cyto-
kines [52]. In the experiment group, WGPA decreased IFN-v, IL-17 a,
TNF-a production to 52.6, 57.0 and 52.2% respectively, and conse-
quently relieved the destruction of the myelin sheath and axon.
Compared to control group, the WGPA-treated group showed a
decline in clinical symptom score (the lower the score, the lighter
disease symptoms of the mice). At the same time, the number of
relapses dropped by about 40%. Furthermore, histological exami-
nations were consistent with its clinical findings and showed a
significant decrease in infiltration of inflammatory cells [52]. The
fact that depletion of CD25" cells results in the disappearance of
the beneficial therapeutic effect of WGPA, on the other hand,
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further verifies CD25" cells are an important target for therapy [53].
Here, we have sufficient evidence to believe that WGPA play an
important role in the treatment of MS. MAPKs (p38, JNK, and ERK 1/
2) and NF-kB signaling pathways are involved in the activation of
immune system during inflammatory neurodegeneration. Lee
et al found Korean red ginseng extract alleviates alleviate demye-
lination by reducing inflammatory cells infiltration, diminishing
the expression levels of proinflammatory mediators (IL-6, IFN-g,
and COX-2), enhancing the expression levels of growth factors
(IGF-1, TGFb, and VEGF-1), and decreasing the activation of the p38
MAPK/NF-KB signaling pathway in the spinal cords of rats [54].

4.3. Protective effects on learning and memory

Higher organisms can adjust their behavior based on past
experience to survive in a complex environment, all of which
benefit from the neuroplasticity [55]. Neuroplasticity refers to
structural changes in the brain that occurred by strengthening or
weakening connection between neuronal cells [56]. Reduced neu-
roplasticity can lead to a decline in learning and memory. Memory
loss is also the major symptom of Alzheimer's disease. Current re-
searches on neuroplasticity mainly focus on nutritional mecha-
nisms (BDNF, IGF-1 and VEGF), synaptic activity, neurogenesis and
angiogenesis [55]. Previous studies have demonstrated that
ginseng can significantly increase neuroblasts as well as the
expression of CDNF and CNTF mRNA in the hippocampus, then
improving the learning and memory ability of mice. Jin
et al concluded that ginsenoside Rg1 was capable of ameliorating
LPS-induced deficit in working and spatial memory, and the
beneficial effects were, at least partially, mediated through alter-
ations in ACh levels, AChE activity and a7 nACh receptor expression
[57]. As we mentioned in the part of anti-depression, WGPA can
enhance neuroplasticity by increasing the number of BDNF [58,59].
Accordingly, GP also have beneficial effect on learning and memory.

Lyubimov et al [60] studied the role of a polysaccharide fraction
of Korean red ginseng in learning and memory by shuttle box
experiment. In order to ensure objectivity, researchers designed
simple and hard models respectively. In test, the learning level of
the mice was judged by two criteria: escaping latency of aversive
stimuli and the number of conditional active evasion responses
[60]. Before administration, the experimental and control groups
performed consistently in all tests. By administering GP, both of
these indicators in experimental group were significantly
improved; in detail, latent period of escape from the aversive
stimulus decreased while the number of active escape responses
increased. Once the drug was discontinued, the beneficial effects
also disappeared. Thus, its protective efficacy on learning and
memory was not a random event. Although GP directly induced
these beneficial effects, the mechanisms underlying these effects
remained unknown. Heo et al [61] found Korean red ginseng
showed cognitive benefits for the long-term management of pa-
tients with Alzheimer's disease. Unlike several acetylcholinesterase
inhibitors, which could not block or reverse the cognitive decline,
its efficacy on cognitive deficit can be maintained for at least 2 yr.
Xu et al [62] found water-soluble ginseng oligosaccharides pro-
tected against scopolamine-induced cognitive impairment by
decreasing expression of IL-1f, IL-6 and astrocyte activation in the
hippocampus. This suggested that GP's anti-neuroinflammatory
effect may be an important mechanism for its protective effects
on learning and memory.

4.4. Antioxidant activity

According to the famous “free radical” theory, we know that our
body is producing free radicals incessantly during normal

metabolism. However, due to the existence of endogenous anti-
oxidant defense machinery, the production and elimination of free
radicals are in a dynamic equilibrium state [63]. Noticeably, once
free radicals are produced in excess of the body's ability to remove
them, they will cause a series of cellular damage and lead to disease
[64,65]. The brain's high energy needs, combined with its rich lipid
content and low antioxidant capacity, make it a prime target for
oxidative damage [66]. Many NSDs (e.g. Alzheimer's disease, Par-
kinson's disease) [67], have been clearly reported to be associated
with oxidative damage to nervous system [68]. For example, Am-
yloid beta is considered to be one of the main pathological features
of Alzheimer's disease. The ROS production induced by it will lead
to lipid peroxidation and damage of cell membrane permeability,
thus increasing the internal flow of calcium ions and significantly
influencing cognitive functions. As a result, more and more atten-
tion has been paid to the important role of antioxidants in nervous
system.

Chen et al [69] conducted experiments in vitro about the scav-
enging ability of GP on DPPH free radicals, superoxide anion radi-
cals and hydroxyl radicals. The results showed that it had
appreciable scavenging ability to these three free radicals and
showed dose dependence in a certain concentration range [27].
Due to the existence of dose-effect relationship, researchers
compared the content of GP in above-ground and under-ground
and found the latter is higher. At the same time, compared with
VC, the scavenging ability of GP is more easily affected by concen-
tration. With the concentration increasing, its clearance rate can
even reach more than 60%. Furthermore, when the concentrations
remained consistent, the scavenging ability of phosphorylated de-
rivative was increased by about 10% [69]. This indicated that
chemical modification can enhance the antioxidant activity
significantly. Yang et al [70] also found that, the lower molecular
weight of polysaccharides, the stronger scavenging ability it
possessed on DPPH and ABTS radicals. This suggested that molec-
ular weight may be an important factor affecting its antioxidant
capacity.

5. Discussions

In 2001, the world's top scientific journal, science, wrote that the
study of active polysaccharides would allow us to understand
ourselves thoroughly and finally control our own fate. As one of the
four basic substances, polysaccharides play an important role in
organisms. Ginseng is rich in neutral and acid polysaccharides. Both
of them have been proven to have good therapeutic effects on
NSDs. These effects are mostly achieved by regulating the immune
system and inflammatory response [71]. Li et al [16] have charac-
terized the core structure of ginseng neutral polysaccharide with
the immune-enhancing activity. By the analytical, we know it was
composed of t-Araf, 5-Araf, 3, 5-Araf, t-Glcp, 4-Glcp, 4, 6-Glcp, 4-
Galp, 6-Galp and 3, 6-Galp, and contained a glucan with —4)-a-
D-Glcp-(1—) and —4,6)-a-D-Galp-(1— residues as the backbone
and a AG domain. Dentritic cells are critical antigen-presenting
cells in immune responses. Kim et al found GP exerted immuno-
modulatory activity by inducing maturation of dentritic cells [72].
Wang et al [17] also obtained a novel neutral ginseng poly-
saccharide (Mw = 3.1kDa), which was composed of Glc and Gal in a
molar ratio of 1:1.15 and could inhibit inflammation. Moreover, GV-
971, a new drug for Alzheimer's disease, reduced the accumulation
of relevant metabolites and inflammation in the brain by restoring
the balance of gut microbiota. Therefore, we believe that the reg-
ulatory effect of GP on gut microbiota has great research potential
in neuroprotection.

However, ginseng obtained from diverse origins and processing
methods also differ in composition and function. In addition,
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different extraction and purified methods make it difficult to
analyze for research team. Due to the presence of starch granules in
large amounts, some novel and active polysaccharides can not be
extracted from ginseng. The analysis of GP mostly focuses on the
composition of monosaccharides, repeating units, backbone and
the degree of branching. There are few studies on the more detailed
structure, which is also owing to the complex structure of poly-
saccharides. Moreover, most of the experiments were done with
crude polysaccharides, rather than purified polysaccharides [73]. As
we all know, different components interact with each other, and
crude polysaccharides may contain antagonistic components that
counteract the effects of polysaccharides, which is detrimental to
our research. Therefore, more experiments on purification and
structure analysis should be carried out, in order to obtain GP with
higher purity and better activity.

In practice, challenges in drug development of NSDs mainly put
down to the blood—brain barrier (BBB) [74]. BBB is a highly func-
tionalized vascular border that consists of brain endothelial cells,
basement membrane, pericytes and astrocyte end-feet [75]. It is
indispensable for maintaining the homeostasis of central nerves
system [76], protecting the brain from toxins while ensuring the
transport of nutrients to the brain. However, every coin has two
sides. Unfortunately, many drugs used to treat NSDs yielded
disappointing outcomes because they cannot successfully pass BBB.
From the perspective of similar solubility of materials with similar
structure, BBB is lipophilic while polysaccharides are hydrophilic.
Thankfully, modern studies have shown that the transport of
polysaccharides through BBB is associated with glucose transporter
1, not simply homogeneous. This discovery provides a theoretical
basis for further research on the feasibility of GP as a potential
neuroprotective agent.

This is the first review of the therapeutic effects of GP on ner-
vous system. Deeply researches of structure-activity relationship
still need to be carried out. This is just the beginning.
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